Objective: Rett syndrome (RTT) is a severe neurodevelopmental disease that affects approximately 1 in 10,000 live female births and is often caused by mutations in Methyl-CpG-binding protein 2 (MECP2). Despite distinct clinical features, the accumulation of clinical and molecular information in recent years has generated considerable confusion regarding the diagnosis of RTT. The purpose of this work was to revise and clarify 2002 consensus criteria for the diagnosis of RTT in anticipation of treatment trials. Method: RettSearch members, representing the majority of the international clinical RTT specialists, participated in an iterative process to come to a consensus on a revised and simplified clinical diagnostic criteria for RTT. Results: The clinical criteria required for the diagnosis of classic and atypical RTT were clarified and simplified. Guidelines for the diagnosis and molecular evaluation of specific variant forms of RTT were developed. Interpretation: These revised criteria provide clarity regarding the key features required for the diagnosis of RTT and reinforce the concept that RTT is a clinical diagnosis based on distinct clinical criteria, independent of molecular findings. We recommend that these criteria and guidelines be utilized in any proposed clinical research. ANN NEUROL 2010;68:944-950 
R
ett syndrome (RTT, MIM 312750), an X-linked neurodevelopmental condition characterized by loss of spoken language and hand use with the development of distinctive hand stereotypies, was originally described in the 1960s by Andreas Rett. 1 In a seminal article, Bengt Hagberg et al 2 characterized the specific clinical features and initiated the eponym by which we recognize this clinical condition. The clinical diagnosis has been based on consensus clinical criteria, 3 which have been modified slightly over time to reflect increased understanding of the disease features, but have retained certain key clinical elements to make the diagnosis of classic, or typical, RTT. In addition to typical RTT, it has been recognized that some individuals present with many of the clinical features of RTT, such as regression, but do not necessarily have all of the features of the disorder. These have been termed ''variant'' or ''atypical'' RTT and have been found to cluster in some distinct clinical groupings, such as preserved speech variant, early seizure variant, and congenital variant. 4 In 1999, Amir et al 5 discovered that mutations in the gene encoding Methyl-CpG-binding protein 2 (MECP2) are associated both with rare familial cases of RTT as well as with the more common sporadic occurrences of typical RTT. Using a battery of modern mutation detection assays, mutations in MECP2 can be found in 95 to 97% of individuals with typical RTT. 6 Importantly, even using the best methodologies, 3 to 5% of individuals who strictly meet clinical criteria for RTT do not have an identified mutation in MECP2, indicating that a mutation in this gene is not required to make the diagnosis of typical RTT. 6 The situation is more dramatic in atypical cases, with only 50 to 70% having identified mutations in MECP2. 7 In addition to RTT, mutations in MECP2 have also been identified in individuals who do not have the clinical features of RTT. At one end of the extreme are the asymptomatic female carriers found in familial RTT. 8 The majority of these individuals have extreme skewing of their X chromosome inactivation (XCI), allowing a normal presentation. At the opposite extreme are boys with MECP2 mutations known to cause typical RTT in girls, but presenting with severe early postnatal encephalopathy, early death, and absence of the distinctive clinical features of RTT. 8, 9 In addition to this early encephalopathy, rare individuals with mutations in MECP2 who present with other neurodevelopmental conditions such as autism, 10 Angelman syndrome-like presentation, 11 and nonspecific intellectual disability have been described. Although these individuals have some form of cognitive impairment, they lack features that define RTT, most important, a history of regression, and therefore cannot be given a diagnosis of RTT. These clinical phenotypes emphasize that mutations in MECP2 are not synonymous with RTT and that a mutation in MECP2 is not sufficient to make the diagnosis of RTT. Because MECP2 mutations are neither necessary nor sufficient to make the diagnosis of RTT, RTT remains a clinical diagnosis. Mutations in loci other than MECP2 have also been found in individuals that have been labeled as atypical RTT, although the criteria utilized have not always been clear. For example, mutations in CDKL5 have been found in individuals with what has been characterized as the early-seizure onset variant of RTT. 12 However, the increasing identification of individuals with CDKL5 mutations has led to the observation that these individuals lack some of the distinctive clinical features of RTT such as the clear period of regression and the characteristic intense eye-gaze seen in individuals with typical RTT. 12 Similarly, recent reports have identified mutations in FOXG1 in individuals characterized as having the congenital variant of RTT 13 ; however, it is not clear that applying a diagnosis of RTT is entirely appropriate because they do not have a clear history of regression.
To address some of the confusion that currently exists regarding the diagnosis of RTT, the RettSearch Consortium participated in an iterative process to come to a consensus on revised and simplified diagnostic criteria for RTT. RettSearch is an international network of clinically oriented Rett syndrome researchers, composed of experts in RTT from 13 different countries, which was initially established in 2006 through a meeting grant from the National Institutes of Health and additional support from the International Rett Syndrome Association (IRSA). Currently, it is supported by the International Rett Syndrome Foundation (IRSF), an organization which emerged in 2007 from the merge of IRSA and the Rett Syndrome Research Fund (RSRF). RettSearch's mission has been to promote the development of new therapeutic approaches for RTT by collecting information and pursuing collaborative research in areas of relevance to clinical trials in RTT. RettSearch has become the authoritative body regarding clinical matters in RTT and, in such capacity, it conducted the process of reviewing the diagnostic criteria for RTT.
Revised Clinical Criteria for Typical RTT
The previous criteria of 2002 had eight necessary criteria, five exclusion criteria, and eight supportive criteria. 3 The requirement for those criteria was never explicitly stated and one of the necessary criteria (postnatal deceleration of head growth in majority) was not absolutely required; furthermore, there was no requirement for any of the supportive criteria. Observations such as these may be contributing to the diagnostic confusion we have noted. We developed revised diagnostic criteria (Table) to clarify and simplify the diagnosis of typical, or classic, RTT. We limited the necessary criteria to the presence of regression plus four main criteria that are absolutely required for the diagnosis of typical RTT. The clinical picture associated with typical RTT is defined by a regression of purposeful hand use and spoken language, with the development of gait abnormalities and hand stereotypies. After the period of regression, a stage of stabilization and potentially even improvement ensues, with some individuals partially regaining skills. This potential for some skill recovery emphasizes the importance of the acquisition of a careful history to determine the presence of regression. We eliminated postnatal deceleration in head growth from the necessary criteria because this feature in not found in all individuals with typical RTT. 14 However, because it is a clinical feature that can alert a clinician to the potential diagnosis and it is a distinctive feature in the disorder, we have included this as a preamble to the criteria as a feature that should raise suspicion for the diagnosis.
The basic purpose of the exclusion criteria as written in the 2002 criteria was to exclude other potential causes of neurological disease, such as prematurity leading to intraventricular hemorrhage, or perinatal meningitis leading to diffuse brain damage. We have thus streamlined this exclusion to a single statement that is meant to cover any other primary cause of neurological dysfunction. There have been reports of individuals who have all the clinical features of typical RTT and disease-causing mutations in MECP2 but also have potential causes of neurological dysfunction, such as trisomy 21. 15 These cases should not be classified as typical RTT because the diagnosis of typical RTT suggests a particular disease onset and course, which may be exacerbated by other confounding etiological entities. Rather, they should be considered an atypical form of RTT if they otherwise meet the consensus criteria (vide infra). The other exclusion criteria reflect the recognition that individuals with typical RTT do not have gross deviations in normal development in the first 6 months of Loss of acquired language is based on best acquired spoken language skill, not strictly on the acquisition of distinct words or higher language skills. Thus, an individual who had learned to babble but then loses this ability is considered to have a loss of acquired language. If an individual has or ever had a clinical feature listed it is counted as a supportive criterion. Many of these features have an age dependency, manifesting and becoming more predominant at certain ages. Therefore, the diagnosis of atypical RTT may be easier for older individuals than for younger. In the case of a younger individual (under 5 years old) who has a period of regression and 2 main criteria but does not fulfill the requirement of 5/11 supportive criteria, the diagnosis of ''probably atypical RTT'' may be given. Individuals who fall into this category should be reassessed as they age and the diagnosis revised accordingly.
life. Although it has been recognized that some alterations in initial development can be present in these individuals, 16 typically the family and the primary clinician is not concerned about development until after 6 months of life. This is in contrast to one of the atypical forms of RTT, termed the congenital variant, in which development is grossly abnormal from birth. Individuals who have such a developmental pattern should thus be evaluated using the atypical RTT criteria and given the diagnosis of atypical RTT-congenital form if they fulfill these criteria. The supportive criteria have been entirely eliminated from the diagnostic criteria for typical RTT because they are not required to make the diagnosis. However, in recognition that many clinicians and, importantly, therapists and teachers sometimes suspect children as having RTT and refer them for detailed evaluation based on the presence of some key suggestive clinical features such as slowing in the rate of head growth, breathing abnormalities, and the intensive ''Rett gaze'' used for communication, they remain in the criteria for atypical RTT which are listed in the same table as the criteria for typical RTT (Table) . In these new criteria, history of regression and ALL of the necessary and exclusion criteria MUST be met to make the diagnosis of typical RTT, without exception. Of note, although initially recognized only in girls, boys who meet the criteria for typical RTT have been identified 17 and thus should be considered to have typical RTT. Recent work (see accompanying article by Percy et al) compared the diagnosis of a large cohort of individuals using the 2002 criteria with the diagnosis that will be applied to these same individuals using these revised criteria and found concordance between the two diagnostic criteria, validating these revised criteria.
Revised Clinical Criteria for Atypical Variants of RTT
Although the 2002 report also put forth distinct criteria for assigning the diagnosis of variant RTT, 3 it is not clear that these guidelines have been followed precisely when making the diagnosis of variant, also known as atypical, RTT. In the 2002 report, three of six main criteria were required for the diagnosis. Inspection of the six main criteria reveals that four mention regression (absence or reduction of hand skills, reduction or loss of babble speech, reduction or loss of communication, Rett syndrome disease profile with a period of regression followed by recovery). Thus, some form of regression is required for the diagnosis of atypical RTT. 13, 20, 21 which serves to emphasize the importance of regression in the diagnosis of RTT. Therefore, in these revised criteria, in contrast to a recent report that did not emphasize regression in the diagnosis, 19 we state that for the diagnosis of atypical RTT an individual MUST have a period of regression followed by recovery or stabilization. This clearly distinguishes these cases from relentless degenerative conditions. In addition to having a regression, individuals must have at least two of the four main criteria and five of eleven supportive criteria.
Specific Variant Forms of Atypical RTT
A variety of specifically defined variant forms of RTT have been recognized that have distinct clinical features. Some of these forms have been recognized in only a small number of cases, making it difficult to make any clear statement concerning the defining clinical features. However, multiple cases have been described for three distinct variant forms of RTT: the preserved speech variant, 22 the congenital variant, 23 and the early seizure variant. 24 The preserved speech variant is the best characterized, has well-defined clinical features, and mutations in MECP2 have been found in the majority of cases. 25 This is in contrast to both the congenital and the early seizure variant, in which mutations in MECP2 have only rarely been identified. 20, 21 Recent work has found mutations in different loci associated with these variant forms, with mutations in CDKL5 found in early seizure variant cases 12 and mutations in FOXG1 found in congenital variant cases. 13 Figure 1 shows the clinical features and the genetic loci associated with these specific variants of atypical RTT. It should be noted that a diagnosis of one of these variants of RTT still requires the criteria stated above for atypical RTT to be meet.
Characterization of Individuals with RTT and/or with MECP2 Mutations
With the recognition that the presence of an MECP2 mutation is not sufficient for the diagnosis of RTT, the question remains of how to categorize and describe individuals with MECP2 mutations who do not have the clinical features of RTT. We propose that all individuals with clinical disorders and MECP2 mutations be called MECP2-related disorders, which includes RTT and other neurological conditions associated with MECP2 mutations. Those individuals with the clinical features required for the diagnosis of RTT should be referred to as having either typical or atypical RTT with mention of the genetic mutation identified. For example, an individual might have typical RTT features with a disease-causing mutation in MECP2. This system would work for mutations in other loci. For example, a clinical condition might be described as atypical RTT (early seizure variant) with a pathogenic mutation in CDKL5. For those individuals without RTT, the underlying clinical condition should be referred to and then the presence of an MECP2 mutation mentioned. For example, those rare individuals with autism associated with an MECP2 mutation would be diagnosed as Autism with MECP2 mutation. This nomenclature extends to individuals with duplications of the MECP2 locus who should be referred to by their clinical condition (ie, autism, intellectually disabled, etc) with a MECP2 duplication.
Research Study Recommendations
A variety of clinical trials in RTT are currently under way or imminent. We feel it is important that clinical trials and other research studies utilize a basic set of guiding principles with regard to disease classification. First, all individuals should be carefully assessed and classified clinically according to the revised clinical criteria. The clinical diagnosis for all participants should be clearly stated in any publication. Second, thorough and complete genetic testing for mutations in MECP2 should be performed on all participants. This would include sequencing of the coding region as well as methods such as multiplex ligation-dependent probe amplification (MLPA), quantitative polymerase chain reaction (PCR), microarray methods, or Southern blotting to detect large DNA rearrangements. Again, all genotype information should be provided in publications. Because both clinical diagnosis and specific genetic mutations can modulate disease severity and associated clinical problems, we feel it is important that study design and data analysis account for these sources of variation. These recommendations do not prohibit individuals with clinically definite typical RTT without a MECP2 mutation from participation, nor do they exclude those individuals with MECP2 mutations and a clinical condition distinct from RTT. Rather, these recommendations advise that analysis be performed in a manner to minimize clinical and genetic heterogeneity.
Nomenclature Recommendations
Some have proposed the use of Rett Disorder to characterize individuals with Rett syndrome who have mutations in MECP2. This classification scheme creates confusion for the nonexpert and should be avoided. 
Conclusions
With the expansion of knowledge related to RTT and MECP2, reconsideration of diagnostic criteria for RTT and its variants and for other disorders that have been linked with RTT is warranted. More than 10 years after association of MECP2 mutations with RTT, the recommendations proposed above should clarify and refine clinical diagnoses and provide a framework for RTT-related conditions. Strengths of these criteria are that they represent expert consensus opinion regarding the diagnosis and clinical categorization of RTT that have been validated using a large cohort of individuals with RTT (see accompanying article by Percy et al).
Beyond its utility in clinical management, the utilization of these criteria will ensure a high degree of homogeneity in populations enrolled in treatment trials and other clinical studies. One potential weakness of any revised criteria such as this is the possibility that some individuals may be inappropriately included or excluded from the diagnosis. For this reason, the RettSearch community is committed to a process of continuous re-evaluation of these criteria, using the large clinical populations and datasets available to the membership, to ensure that the criteria are serving the stated purpose of providing a streamlined diagnostic framework that captures the clinical population of interest. We recommend that these criteria and guidelines be utilized in any future clinical practice and research.
